Eleven genotypes of french bean (Phaseolus vulgaris L.) were screened to select a suitable one which could provide optimum yield of fresh pod, dry seed and biochemical parameters. The maximum seed yield in french bean was found in case of genotype BB-9 (2.96 t/ha) and BARI bush bean -1 (2.95 t/ha), while that of minimum was found in BB-11(1.64 t/ha). However, maximum fresh pod yield (14.25 t/ha) was found for BARI bush bean -1, followed by BARI bush bean -2 (13.23t/ha). BARI bush bean -1 required the minimum time of 88.33 days while BB-3 the maximum of 110.00 days to attain 90% pods maturity. The highest number of diseased plants were observed in BB-5 (30.33%) and the lowest were in BARI bush bean -1 (7.33%). No significant difference (P< 0.05) in maximum protein content among the studied genotypes was observed, for example BB-15 (21.60%) and BARI bush bean -1 (21.57%). Maximum crude fiber (5.53%) was obtained from BARI bush bean -1, followed by BB-6 (5.50%), BB-20 (5.50%) and BB-5 (5.47%), which all were statistically similar. Among all the genotypes, BARI bush bean -1 showed highest yield and superior quality of french bean.
Introduction
In Bangladesh, the estimated area and production of pulse and vegetables are not sufficient to meet the demand of balanced diet for the increasing population. In the year 2007-2008, the cultivated areas were about 1.63%, 76.98%, 2.79% and 2.89% for pulse, rice, wheat and vegetables respectively (Anomymous, 2009) . Pulse and vegetables crop areas as well as selected high yielding variety like french bean have to be extended in order to increase yield of fresh bean and seed production for solving malnutrition problems of this country. Very few studies have been carried out regarding characterization, spacing and sowing time in Bangladesh (Mozumder et al. 2003; Roy, 2004 and Hussain 2005) . Therefore, the aim and objectives of this study is to select one genotype of french bean, which requires shortest time for 4 leaves stages, 90 % flowering, pod setting and maturation, gives highest yields of pods and seeds with better biochemical parameters.
Materials and methods
Nine french bean genotypes with the accession numbers, BB-3, BB-5, BB-6, BB-9, BB-10, BB-11, BB-14, BB-15 and BB-20 were collected from Agronomy Division, Bangabandhu Sheikh Mujibur Rahman Agricultural University, Gazipur. Two varieties namely BARI bush bean -1 and BARI bush bean -2 also was collected from Bangladesh Agricultural Research Institute (BARI), Gazipur.
The soil samples were analyzed at the Soil Research and Development Institute (SRDI), Farmgate, Dhaka according the Fertilizer Recommendation Guide .
Field experiment was carried out at the research field of Bangladesh Council of Scientific and Industrial Research (BCSIR), Dhaka, in the Rabi season during November 2007 to March 2008 in a randomized complete block design (RCBD) with three replications. The unit plot size was 2.0 m x 1.5 m. Cow dung was applied 6.67 t/ha and Nitrogen, phosphorous, potassium, boron and sulphur were applied as per the recommendation of Fertilizer Recommendation Guide (2005) . The seeds were sown with the spacing 30 cm x15 cm in line and about 3.0 cm in depth and covered with pulverized soil and pressed gently by hand (Mozumder 2002) . The sowing was done on 20 November, 2007 and then the plots were watered slightly in the line to supply sufficient moisture for quick germination. Weeding was done at 15 days interval. The crop was protected by spraying Malathion 57 EC @ 2 ml/L as per recommendation of BARI (Anomymous, 1995) . Furrow irrigation was given at an interval of 7 to 10 days depending on soil moisture content.
Plant height, number of leaves, leaf area (Gardner et (Radford, 1967 and Watson, 1952) , disease incidence (Khandaker et al. 2011) , pod length, number of pods/plant, number of seeds/pod, 1000 seed weight, fresh pod yield g/plant, seed yield g/plant were measured from ten randomly selected plants for each genotype at the harvest. Data on fresh pod yield t/ha, seed yield (t/ha) and harvest index were taken from the samples of the pre-demarcated area of each plot according to Ullah (Ullah 2006) . Days to 4 leaves stage, 90% flowering, pod setting and maturity of pods were counted when each physiological character was appeared in a genotype.
Quantitative determination of moisture, crude protein, crude fiber, crude fat, ash and carbohydrate of dry seeds were done according to Association of Official Analytical Chemist (AOAC) .
Statistical analysis
All the data collected on various parameters were statistically analyzed by SPSS (version 13) and MS Excel programme. Analysis of variance for each of the parameters was performed by F test. Co-efficient of variation (CV%), Duncan's Multiple Range Test (DMRT) and Least Significant Difference (LSD) test at 5% level of significance were done according to Gomez and co-warkers (Gomez and Gomez, 1984) .
Results and discussion
Results presented in Table I . show that the plant height varied enormously from genotype to genotype. It ranged from 25.61 (BB-20) to 60.83 cm (BB-9). This might be due to genetic configuration and environmental effect. It was studied that (Hussain, 2005) for ten genotypes of bush bean who found the tallest plant in BB-9 (40.78 cm) and the shortest in BB-1 (20.50 cm). He also reported that the time of sowing had significant effect on plant height of bush bean.
Genotypic differences was observed in number of leaves, leaf area and leaf area index. The maximum number of leaves (21.67), leaf area (2165.26 cm2) and leaf area index (4.81) were recorded for BB-9 and the minimum was for BB-11 (9, 855.18 cm2 and 1.90 respectively) ( Table I ). These variations might be due to difference in genetical constituents as well as environmental effects.
Marked differences in diseased plants were observed in all eleven genotypes of french bean. The highest number of diseased plant was recorded in BB-5 (30.33%) and the lowest in BARI bush bean -1 (7.33%) ( Table I) . It has been (Hussain, 2005) reported that percentages of disease plants were influenced by sowing time of bush bean. The lowest number of disease plants was observed with 15 December sowing.
It was observed that BARI bush bean -1 took the shortest time to attain 4 leaves stage (17.33 days), whereas the genotype BB-3 took the longest (23.00 days) (Figure 1 ). These results concur with the findings of Roy (Roy, 2004) Genotypic variation was also observed in days to attain 90% flowering (Figure 1 ). BARI bush bean -1 (34.67) and BB-15 (35.00) took minimum days, whereas BB-3 (54.00) and BB-9 (52.67) took maximum days to 90% flowering. In a varietal trial of french bean, Joshi et al. (1987) reported that the varieties required 45-46 days to attain 50% flowering, which was in consonance with the majority of varieties under investigation.
Days to 90% pod setting was significantly varied (P< 0.05) in different genotypes (Figure 1 ). The genotypes BB-3 (58.67) and BB-15 (57.33) required maximum days, whereas BARI bush bean -1 (37.33) required minimum days for 90% pod setting.
Minimum days for 90% maturation of pods (88.33 days) were recorded in BARI bush bean -1 and maximum in BB-3 (110 days) (P< 0.05) (Figure 1 ), whereas Thamburaj et al. (1980) reported that duration of the crop ranged from 64 to 98 days in thirty genotypes of bush bean.
Pod length ranged from 6.51 (BB-3) to13.23 cm (BARI bush bean -1) (Table II) . These findings agree well with those of report (Mozumder et al., 1996) who found wide variation (8.9 to 17.7 cm) in pod length of bush bean genotypes.
Number of pods per plant ranged from 7.33 to 20.67 (Table  II) . The maximum number of pods per plant was recorded in BB-3 (20.67) and BB-15 (20.00), which were statistically identical. The minimum number of pods per plant was . These results are at variance with the findings of singh and co-workers (Singh et al., 1992) , who reported that the number of pods per plant in french bean genotypes varied from 10 to 12.
Number of seeds per pod significantly varied depending on the genotypes (Table II) . The highest number of seeds per pod was obtained for BARI bush bean -1 (5.80), whereas the lowest was for BB-20 (3.88). Roy (2004) *Means in a column followed by the same letter do not differ significantly at 5% level. (Table II) . The findings of the present study are comparable to those of Dwivedi et al. (1995) who found minimum 100 seed weight in Rajmah (46.08 g) and maximum in Contender (63.63 g).
That the highest fresh pod yield was recorded in BARI bush bean -1 (64.13 g and 14.25 t/ha), followed by BARI bush bean -2 (59.53 g and 13.23 t/ha) (P< 0.05), which are more suitable for human consumption than those of nine other genotypes (Table III) . Chowdhury and co-workers (Chowdhury and Faruque 1973) reported about a genotype of Phaseolus vulgaris, which is bushy type; the pods are extremely rough with hard tissue and not suitable for use as green vegetable. Thamburaj co-workers (Thamburaj et al., 1980) reported wide variations in green pod yield varied from 7.69 to 15.5 t/ha.
Seed yield depended on genotypes. The maximum seed yield was obtained from BB-9 (13.30 g and 2.96 t/ha), followed by BARI bush bean -1 (13.27 g and 2.95 t/ha) and minimum in BB-11 (7.40 g and 1.64 t/ha) ( Table III) . The harvest index (HI) ranged from 36.17 to 54.51% (P< 0.05). The highest value for harvest index was recorded in BB-9 (54.51%) and BARI bush bean -1 (54.49%) and, the lowest in BB-11 (36.17%). Chowdhury and co-workers (Chowdhury and Faruque 1973 ) studied a genotype of Phaseolus vulgaris, which produced a good yield of seed (1.8 t/ha). Ahlawat and Sharma (1989) studied a genotype PDR 14 of french bean, which had good growth and gave higher seed yield (1.48 t/ha).
Among the genotypes, the maximum crude protein (21.60%) was found in BB-15 and BARI bush bean -1 (21.57%), which were statistically identical and the minimum was in BB-6 (19.24%) (Table IV ) (P< 0.05). Maximum crude fiber (5.53%) was obtained from BARI bush bean -1, followed by BB-6 (5.50%), BB-20 (5.50%) and BB-5 (5.47%), which were statistically similar and the minimum was from BB-10 (4.69%) (P< 0.05). The ash content was highest in BB-3 (5.47%) and BB-15 (5.45%), whereas the lowest was in BB-20 (3.90 %). The crude fat was highest in BB-15 (2.03%) and the lowest was in BB-10 (1.40%) (P< 0.05). In addition, the carbohydrate content was maximum in BB-10 (69.45%) and BB-20 (69.43%) and minimum in BB-15 (65.92%) (Table IV) . Shanmugavelu (Shanmugavelu 1989) reported that dry seeds of french bean contained 23.1% protein, 1.7% fat and 59% carbohydrate (Shanmugavelu 1989) .
Conclusion
The results of the study show that out of the eleven genotypes, the highest fresh pod yield was obtained from BARI bush bean-1 (14.25 t/ha). The highest seed yield was recorded for BB-9 (2.96 t/ha), which was followed by BARI bush bean-1 (2.95 t/ha). BARI bush bean-1 took minimum time for 90% flowering (34.67 days), 90% pod setting (37.33 days), and 90% maturity of pods (88.33 days).The lowest number of diseased plant was observed in BARI bush bean-1 (7.33%). Moreover, the maximum crude protein (21.57%) and crude fiber (5.53%) were obtained from BARI bush bean-1. Therefore, BARI bush bean-1 was selected as best for its quality and yields (fresh pod and dry seed) among eleven genotypes of french bean .
